The effect of farmyard manure (FYM) at 10, 15 and 20 m 3 /fed. Effective microorganisms (E.M.) and/or vitamin E or vit. B1 treatments on oil production (essential oil % and essential oil yield/plant and /fed) and chemical components (photosynthetic pigments content and NPK %) were investigated during 2015/2016 and 2016/2017 at Samalot region (El-Byaho village) -Minia Governorate and Laboratory of ornamental plants, Fac. of Agric., Minia Univ. All treatments of FYM statistically increased oil production as well as chemical components as compared with control. The high level of FYM was more effective in this concern. The treatments of E.M. + vit. B1 followed by E.M. + vit. E, then mineral NPK (full dose) gave the best results in increasing all previous traits. Supplying cumin plants with FYM at 20 m 3 /fed. in combination with E.M. + vitamins (B1 or E) or FYM at 15 m 3 /fed. plus E.M. + vit. B1 resulted overall the highest values of the previous traits.
INTRODUCTION
Cumin (Cuminum cyminum, L.) is aromatic plant within the Apiaceae Family that is used use in foods, fragrances and medicinal preparation. Cumin is regularly used as a favoring agent in a number of ethnic cuisines. Cumin seeds have been found to possess significant biological activities, such as, antibacterial (Morton, 1976) , antifungal, anti-carcinogenic (Gagandeep et al., 2003) , anti-diabetic, antithrombotic (Ferrie et al., 2011) and antioxidant properties (Ferrie et al., 2011 and Thippeswamy and Akhilender, 2005) . Cumin seeds contain 7% essential oil and have therapeutic properties such as, antiseptic, anti-spasmodic, antitoxic, bactericidal, carminative, digestive, diuretic, emmenagogue, nervine, stimulant and tonic (Willatgamuwa et al., 1998) .
Farmyard manure is very important due to its beneficial effects on the soil, growth and increase the productivity, as well as, improving the quality of plant production (Safwat and Badran, 2002 and Patel et al., 2013 on cumin) .
Mineral fertilizers especially N, P and K are very important for plant growth and productivity (Safwat and Badran, 2002 on cumin, Rekaby, 2013 on coriander, Abdou et al., 2013 on caraway) . Effective microorganisms (E.M.) increase crop growth and productivity (Abdou et al., 2009a on borage and Abdou et al., 2009b on guar; Muthaura et al., 2010 on pigweed; Abdou et al., 2012 on fennel and Ibrahim, 2014 on khilla) . Vitamins as antioxidants have positive effect on plant growth and its production (Ismail, 2008 on black cumin; Ayad et al., 2009 on geranium; Abdou et al., 2013 on caraway; Abdou et al., 2014 on sweet basil) .
Therefore, the purposes of this research were to investigate the effect of FYM, E.M., mineral NPK and/or vitamins (vit. E or vit. B1) treatments on essential oil production and chemical constituents of cumin plants.
MATERIALS AND METHODS
This research was carried out at Samalot region (El-Byaho village) -Minia Governorate and Laboratory of ornamental plants, Faculty of Agriculture, Minia University during two consecutive seasons (2015/2016 and 2016/2017) . Mechanical and chemical analysis of the experimental soil were performed according to Jackson (1973) as shown in (Table, a The experimental unit (plot) was 3.0×3.0 m and containing 4 rows, 60 cm apart and seeds were cultivated in hills, 25 cm apart, therefore, each plot contained 48 hills and plants were thinned to two plants/hill after 5 weeks from sowing date (October, 10 th for both seasons). Farmyard manure was added during preparing the soil to cultivation in both seasons.
The recommended mineral NPK fertilization (full dose) was 200 kg ammonium nitrate (33.5 % N) + 300 kg calcium superphosphate (15.5 % P2O5) and 100 kg potassium sulphate (48 % K2O)/fed. according to Helmy (2015) . All amounts of P fertilizer were added during the preparing the soil, while, the amounts of NK fertilizers were divided into 3 equal doses and added at one month interval, starting December, 5 th in both seasons.
Fresh
and active Effective microorganisms (E.M.), applied three times to the soil beside the plants at 50 ml/hill (1 ml=10 7 cells). The first dose was added after 7 days from the first dose of NK (starting December, 12 th ) and one month thereafter and then plants were irrigated immediately.
Vitamins (E or B1) were applied by hand sprayer, 3 times on the same schedule of E.M. The plants were sprayed till run off. All other agricultural practices were carried out as usual in the region.
At the end of experiment, the following data were recorded : oil production (oil %, oil yield/plant and /fed.) and chemical constituents (chlorophyll a, b and carotenoids, as well as, the percentages of N, P and K %.) in the leaves. Pigments (Fadle and Sari El-Deen, 1978 in fresh leaves) and N, P and K% in the dry herb according to Wilde et al. (1985) , Chapman and Pratt (1975) and Cottenie et al. (1982) respectively.
The obtained data were Tabulated and statistically analyzed according to MSTAT-C (1986) and L.S.D. test at 5 % was followed to compare between the means.
RESULTS AND DISCUSSION

Essential oil yield production:
Data presented in Table ( 1) revealed that essential oil % and essential oil yield/plant and /fed in fruits of cumin were significantly increased by used FYM at 10, 15 and 20 m 3 /fed comparing with control. The significant greatest effect was occurred due to applying FYM at 20 m 3 /fed. In agreement with those results concerning organic fertilizer were the findings of Asl and Moosavi (2012); Asgharipour (2012); Patel et al. (2013) and Forouzandeh et al. (2014) on cumin. Table ( 1) revealed that the parameters of essential oil production were significantly affected by different used treatments in two seasons. The highest essential oil %, essential oil yield/plant and /fed. resulted from the treatments of E.M. + vit. B1 followed by E.M. + vit. E then mineral NPK.
Data presented in
The stimulatory effect of NPK on essential oil % and essential oil yield were stated by Moraghebi et al. (2008) ; Valadabadi et al. (2010) The effect of interaction treatments was significant for essential oil %, essential oil yield/plant and /fed. in both seasons. The greatest values were obtained by adding FYM (20 m 3 /fed.) plus E.M. + vit. E or vit. B1, followed by FYM at 15 ton/fed. in combination with E.M. + vit. B1.
Chemical composition:
Photosynthetic pigments:
It is clear from data presented in Table  ( 2) that the highest chlorophyll a, b and carotenoids content resulted from plants treated with high level of FYM (20 m 3 /fed). Similar results were obtained by Shalatet (2006) and Helmy (2015) on cumin .
Regarding the effect of sub-plot treatments, the highest values of pigments resulted from plants treated with E.M. + vit. B1 or vit. E as compared with mineral NPK. In agreement with these results were those findings of Abd El-Naeem (2008) The effect of interaction treatments was significant. The high contents of chlorophyll a, b and carotenoids were obtained with 
N, P and K %:
It is obvious from data presented in Table ( 3) that the high percentages of N, P and K were recorded with adding FYM at 20 m 3 /fed in both seasons.
These results are in close conformity to those of Hemdan (2008) on anise and Hellal et al. (2011) on dill plants. Table ( 3) indicated that the treatments of E.M. + vit. B1 followed In accordance with these results regarding mineral NPK were the findings of Hemdan (2008) The effect of interaction treatments was significant in both seasons, except K % in the second season. The best interaction treatment was FYM at 20 m 3 /fed in combination with E.M. + vit. B1.
Data presented in
Applying organic manure not only relived material inhibition an autotoxic substance in the root exudates by cinnamic acid but also promoted growth, increased the content and composition of plant secondary metabolites. The stimulatory effect of NPK full dose may be due to that mineral NPK has an important role in essential oil biosynthesis, influence on photosynthesis and respiration for carbon skeleton production.
